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Hydroxvalkyi %Mch Dru f r-rr . jr 
BACKGROUND op THE , MVFMTIr>K , 
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carrier ,o, S uch bio.o.ica a k '° ' 

.0,^,1?:; ^ *- '» conuoiied re ,_ 

. administration c , drmi „ . . . 6en " a ' >" the Jield involves 

vivo thus leasing ,„ e dr ' br0l<ea b > che ""«< or bio,og,c al action in 

«-s is ,„„ , he x r r,n8 d : uss " 

Period of time, which ~ ^ £ ' ' 

Another advantage „, administering drugs in such a T ' 
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the rate of metabolism or orug-poiymer combination, 

metobbhsm or excretion o. ,he drug may be reduced, thus 
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Jowering the actual dose requirements. Another reason that the toxicity 
may be Jower is that a drug which might otherwise undergo undesirable 
reactions in the body, such as precipitation, complex formation, reaction or 
degradation, wiJI be prevented or inhibited from such reactions as a result 
of the polymer-drug combination. 

Specific polymers which have been employed as drug carriers are 
dextran, which is a polysaccharide obtained by the fermentation of sucrose 
and various synthetic polymers such as vinyl polymers, polyacrylates and 
poiyamides. Examples of drug-polymer complexes employing dextran are 
disclosed by Herb, 3. R., U.S. Patent 2,885,393, May 5, 1959 and London, 
Ct aI " U ' S ' Patent Re ' 2<, ' 6 «. April 28, 1959. Polymer drug complexes 
are described generally in an article published in Chemical Week . April 26 
1978, page «5. The following United States patents also describe combina- 
tions between polymers and various active components: 
3,608,063 3,998,97* 
3,629,392 <f,003,990 
3,966,902 d.035,479 
3,998,620 

To be useful as a drug carrier, a polymer must be capable of 
forming a bond or complex with the drug. This capability is dependent on 
the reactive bonding sites on the drug, and also on the bonding ability of 
the polymer. ]n the case of a polymer-drug combination in which the drug 
»s released from the polymer in vivo, the drug and polymer should be 
connected by a labile bond. In the case of a combination in which the drug 
remains on the polymer in vivo, the drug-poJymer bond must be relatively 
stable and must not appreciably interlere with the drug activity. The 
polymer must itself also be substantially non-toxic. Advantageously, the 
polymer can be modified so that the rate of release of the drug component 
or ,ts in vivo activity can be accurately controlled. A disadvantage of 
several of the polymers which have been investigated for this purpose is 
^that they persist in the body. .That is, after the drug groups have been 
released, the polymers are not easily excreted or metabolized to harmless 
components. Such polymers may, therefore, act as cumulative poisons in 
the body and defeat their desired function. 

Generally, with some exceptions, the use of polymeric drug 
carriers has heretofore been limited to formulations for oral or topical 
administration. The toxic effects and the degree of Jong term persistence 
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effect thereof has been realized, the polymer is substantially metabolized 
or excreted. Side effects resulting from the use of the drug carrier are 
thereby minimized. 

The period of prolongation of the activity of the active com- 
ponent is somewhat dependent on the degree of persistence of the polymer. 
This degree of persistence can, in turn, be controlled by varying the level 
of substitution of the polymer as described by Hershenson, et al., supra. 
The greater the degree of substitution, the slower will be the rate of starch 
hydrolysis in vivo. If the active component is effective while bound to the 
polymer or to polymer subunits, higher degrees of substitution will prolong 
such effectiveness by increasing the degree of persistence of the polymer 
If shorter action is desired, the degree of substitution can be reduced 
resulting in more rapid hydrolysis of the- polymer and thus more rapid 
release of the active component. If the active compound is bound to the 
polymer by a labile bond, the rate of release of such compound into a body 
fiu,d is dependent both upon the level of substitution of the polymeric 
carrier and upon the strength of the labile bond in vivo. . 

The preferred level of substitution for the hydroxyalkyl starch 
will vary, depending upon the particular active component for which the 
polymer is a carrier, the rate of release or prolongation of activity which is 
desired, upon the manner of administration. The level will generally fall in 
the range of irom about 0.1 to 3 for oral administration and from 0.1 to 1 
for parenteral administration. The preferred range of the level of 
substitution is from about 1 to 3 f6r oral administration and from about 0.4 
to 0.8 for parenteral administration. 

It should be recognized that the hydrolysis of hydroxyalkyl starch 
•s accomplished in the body largely by enzyme action, e.g. by the action of 
amylase. Thus, the degree of persistence of the polymer is increased as 
subst.tuent groups thereon are added. As indicated, the level of substitu- 
tion with hydroxyethyl groups may advantageously be used to control the 
degree of persistence, but substitution with the biologically active 
component can also affect the susceptability of the polymer to enzyme 
action, and thus determine the degree of persistence. In an extreme case, 
the level of substitution of the polymer may be very low, approaching zero, 
but because of the presence of active compound on the polymer, the degree' 
of persistence is in the desired. range. Because of the effect of the active 
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compound substituent on the Ipv^i „ 

of the nolvm a T P^s.stence, the level of substitution 
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» an appropriately selected derivatizing agent: " 
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Scheme 1 

Polymer ■» R > Polymer - R 

Drug 4 R 1 ■ > Drug - R 1 

Polymer - R 4 Drug - R J — ^ Polymer - R - R 1 - Drug 

Scheme II 

Polymer 4 R ^ Polymer - R 

Polymer - R 4 Drug ^ Polymer - R - Drug 

Scheme III 

Drug 4 R y Drug - R 

Drug - R 4 Polymer — : — > Drug - R - Polymer 

In each of the above schemes, the derivatizing agents are 
carefully selected so that the drug or an active drug derivative will be 
released in vivo, or the activity of the drug will be maintained while it is 
bound to the polymer. A fourth scheme involves the. reaction of a drug 
precursor (Drug p ) with a derivative, followed by reaction with the hydroxy, 
alkyj starch polymer. Upon reaction in vivo, the active drug is released. 
This scheme is represented below. . 

Drug p 4 R ^-Drugp-R 

Drugp - R 4 Polymer > Drug p - R - Polymer 

in vivo 

Drug^- R -Polymer- > Drug 

Derivatizing agents useful for producing compositions of this 
invention include substantially any non-toxic compound which will link the 
active compound to the polymer. Polyfunctional organic compounds are 
•useful for this purpose. Through the above-described reaction schemes, a 
wide variety of biologically active compounds can be combined with 
hydroxyalkyl starch to form controlled release formulations. 

Specific examples of useful modifications to hydroxyalkyl starch 
are listed below (HES indicates hydroxyethyl starch). For convenience, the 
reaction involving only one or two hexose units of the hydroxyethyl starch 
is indicated. 
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with the following scheme f H n . ~ gr ° UpS in acc °^ce 



i with rh* -f t. '"rougn stable ether £ 

u,th ™e followine scheme fHn d 

b scneme (HO-R represents the drug): 

C '- CH £ -CH-CH,-OK 



OT 



CH 2 -CH-CH ? -OR 

EF,-Et,0 OH 



(HE51-0H-, CH. N ch-ck.-OrSS 



? wr1 OR ~ » ■■ u r c ~ 

2 ' ^ HES -0-CH 2 -CH-CH ? -OK 



«* - Mr ti ;:rr;r:. such — *** 

mphenicol. t^sonc .„d antibiotics such as chlora- 
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CH 2 OH 

/C\ OH* H/4 ° V H 

A. STARCH * CH -CH-Bf 



^ -O 



CHpOH 





H *-OCH 2 -CH-0H 
Br 



H O CH-CH.-OH 



Br 

CH ?0 H CH.Br C H ? OH 

H ,SO, «/'i~V V/h'*°\V hA K 

-o-\b^h/- -qJ^qhh/L -o-^ch h/L 



W Drugs, having alkyl halide functions, such as the antineoplastic 

agents chlorambucil and cyclophosphamide 



VI 



22 CI CH 2 CH 2 O — CHg 

chlorambucil cyclophosphcmide 

can react with hydroxyethyl starch directly by the following reaction: 



DM SO 

(HES)-OH -r C I - (C H I — B DMSMo* 

(CH 2 , - R —g-^jr-*- HES-0-(CH 2 ) n -B 
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W Brominated hydroxyethyj starch can be used 

Cngnard reagent which in turn k 3 P recur *>' *or a 

or ketone functional groU ps. ^ ^ ha ™* *»dehyde 



HES -Br + Mg ^ HES-MgBr 



0 R' 

H E5 — Mg Br + R - C- R' ^ H ES-C-OH 

i 

R 



JO 




a 'do$»eron e 

20 (6 > Drugs such as chJoramphenico, 



S-p can be reacted direc y ~ ~ ™ - C - CH.a 

reaction: ******* starch by the ioll J ing 



25 

(HES,-OH + R ^.^_ CH2a D^ (HEs)ocH J_ NHR 



? ?, _DMSO, O 



30 Th 

'ne reaction is therefore useful w = . 
B-up which can be chiorinated e , ' 8 ^ 30 

dados <«, «• . diacj; ; 8 dja s : nac ri et r ide and ,he 

"V 1, 1 - d'amjnodjphenyJsulfone), 



35 



0019403 



-10 

(7) 



Active compounds having carboxy]j c ac id functional groups car. b~ 
converted to acyj halides by reaction with thionyj chioride. For instance" 
chlorambucil can react as follows: 



c,CH2C ^ (CH2)5COOH j^-^ 
CIC h 2 ch; w c,c V Cw' ,c ^ , »- C0U 



folio rp AC ^, ha,id " Can ' " tUm ' re3Ct Mroxyethyl starch as 

follows (E 4 Cl 2 represents 1,2-dichloroethane): 



<HES)-OH t R-?-Cl -H£^<HtS1-0-?-R 

pyridine 
60°C 



C8n ' eaC ' » '°™ which can rea c, ti,„ 

hydroxyethyj starch. 



o — o 



pipobromon 



(9) 

manner: 



(HESJ-OH 4 R-N = C= 0 »C lg fi 

pynome IHtSJ-O-C^ NHR 
60*C 



Anhydrides can react with hydroxyethyl starch in the following 
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(HESJ-OH+ R-C-n-r- R' H . .... » 0 



~ ^r^rrzir- — - 



V 

OH 
Dopamine 



sets :r h r: pi^,ia, * °* di " d » - — »* «~ 
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another useful oxidation reaction is: 



• CHJDH 

HES 4 hio, .ojj + h:o 3 + h 2 o 



c 

t» It 

0 o 



The reaction of aJdehydic hydroxyethyl starch with an amine-containing 
drug is represented as follows: 

0 

{HESJ-C-H 4 H 2 N-DRUG HES - C H = N - Drug 

Certain drugs can be derivatized to contain amine groups which can react 

wjth aldehydic hydroxyethyl starch by this scheme. 

The method of the present invention is particularly advantageous 
for administering iron to a patient. The requirements of the body for iron 
and us therapeutic and prophylactic uses are well documented. Iron salts 
are generally not administered orally for therapeutic purposes becauses 
they are poorly absorbed or because they sometimes cause disturbances in 
the ahmentary tract. Therefore, iron is preferably administered parenter- 
al^, generally by intravenous injection. Solutions of iron salts are not 
usually injected directly because they are toxic. A particular problem is 
that aad,c iron forms insoluble precipitates at physiological pH. To 
overcome these problems, physiologically compatible iron complexes have 
been, developed lor parenteral administration. Such complexes have 
included saccharated iron, complexes of iron with dextrans or dextrins, and 
complexes of iron with a water swellable polymer. Examples of the latter 
'complexes are described in U.S. Patent 2,885,393, May 5, l 959 , and 
Canadian Patent 991,5W. 

It has been found that the method of the present invention may be 
advantageously employed for the administration of iron. Citric acid has a 
stabbing effect on the iron and prevents precipitate formation during the 
react.on. The iron may be bound to the hydroxyalkyl starch through a 
citnc add derivative, but the exact structure of- the iron-polymer 
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combination is not presently known Tk„ 

salt, preferably in th , ° " Pr0Vided b * »"* S0 ^Je 

stored a, a r^ so " """-hydroxyalkyl surer, comple , may ^ 

The 1 ' " ^ «• ««d in dry ,„ rm . 

-« Mn : ad ~: i,r:r accordance - ,,h - — — 

most appreciated during parenteral 7 °' COUrtt ' 

ad minislra , ion . To th / dr P u a ; e " intravenous 

— PHarrnaee.i.1 e r e Vr "» — 

Eeneraiiy contain eiecuZHnd oH 'T' in ' raVen ° US "*"'"» 

'^^.oparticuia, Nations ™- - *• « «"«n«i M is „ 

ug.caiiy active compounds and a method W th«>; a 
tration. Such combinative u mexnoo lor their admmjs- 

^"«-n comDinations are characterized bv « i~.„ i 

the actiye compound in vivo. * COnUo,,ed re,e «e of 

The invention is further illustrated bv th* • 
is-no, intended „ be Jjmite<) *- **»""« «=">P<«, bu, 
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EXAMPLE 1 



This ExampJe demonstrates the preparation of an iron 
hydroxyethyj starch combination. 

Hydroxyethyj starch (prepared by the procedure described in 
Example II of U.S. Patent 3 5?i «>« ^ * ■ 

m „, , 3,523,938, and further acid hydrolyzed to a 

moiecuJar weieht of <(5 onm on ; r TO a 

of a 20* «,/ ' 8> d ' 5S0,Ved jn Water t0 y je,d "00 mi. 

of a 20* w/v solution (Solution I). Ferric chloride (Fed ' 6H 0) 125. 
was dissolved in water to yield 250 m. «r «a , 3 2 8 ' 
Solution 1 was heated to Jo C I 8 S ° ,Uti ° n (S ° ,Ut5 ° n 

"0-60° C with T I St,rnnS ' S ° JUti0n " W3S hea < ed ^ 

stirring I r $ ^ S ° ,Uli ° n " ™ — - Solution! wjth 

r ng. After addmon was compile, granular citric acid, 53 5 p was 

2 : ; 0 o c ; he m5xture w — - - ^ : 

tempore A 2o7 ^ " ^ ^ ^ * ^ - -m 

solution until the pT^.^^'r^ - 
a- stirred for 20 minu tes c ' 0 I ec to ^" h -d to 50° C 
through a 0.8 p filter Th. 7 »«»Per.ture and fiJtered 

against distil ed wa r an d ^ ^ * ~»*« *W 

ujjeo uater, and was concentrated to linn^ u 

r ™_ by Iilt r^r=ji-rrr 



EXAMPLE II 



The product from ExampJe 1 was useri «k 

" :;r (,o ,° mu * ^ «~* -* - - -™ „,? 

he, |nd pl d ,„ 30 vjals v . a)s ^ smu ^ « minutes 

a. 250 . F and ,he solmion had an iron concentration of 50.5 mg/m) 



EXAMPLE 111 



except ,„!!?^ r •'° e " , °' E " mP ' e ' ""* repea '"' — i « de.aiis 
"cep, ,„a, 1*,,*^ a „ d c„nce Mr .,ion o, tne soHnion, lht 



0019403 

IS - 



Mrox y e,h y , starch wa, precipitated jn COJd 

natant discarded and th* „ ' acetor >e, the super- 

THe pH was then adjusIed ^" "'• * 3 °' 7 * «*U-. - citric acid. 
- ,00 m , w,,h LI e ° Th e iron h d «" - ■**» «« 

— and „ ashed wilh two ^ : ^r'r rch ? rep ~ cipi - 

pr.opi.ate was then redisso,ved as * ^ aCe, °'" ! - ™«"«J»8 
<»ree J ,i,er a ,i qU o,s of ,00% a«, ' e P r «iPi»<=d, washed wi.h 

— . and was drWd as d ^r;;;i' p) :7 ' 00% 



• A »^~::[^-M — « prepared as 

Ferric chloride (Fed, • 6H 0) 20 e ,0 ° ml - <* 

".inu.es then hea.ed IO 70 o J ™*"«. S <""">" - "ea.ed ,„ 

"** to room temperature and the IT""' ^ S °'" U ° n """Wl to 
addition ol 20% NH OH tk ad ' us,ed lr °m 1.4 ,„ 2 .9 by 

**» waCi :;rTe^ s r on was ,hen ~ 

* "Ur y evaporation to o m ', and^'^h"^*^ ^'otion was concentrated 
cornbined with ,200 rn 1 .o ( ace,o„;^ hl L db COnCemra, ' d * 
-««. - dr y ice, tbos caosin, ^ " "» ^ * the 
««* The res„,„„ g sjurry J " "» "-Mroxveth,, 

«"» .„„ th , precipi , att J^J" ~ — . '-P-ature 

Precpitate being washed with , „,„ * m "" m > «* 

Precipi, ale was ,he n dried jn , " °' ««« * the Process. The 
•»r« S o, dr y product. VaCUUm ° ve " »« '0° C overnijh, to y ie, d 



EXAMPLE V 



•xcep, that oTCeC^'th,, suZ' 1.1,7 "" 
Mro, yS ,s to a m o,eco,ar ^ ZlTlT "* 

» vu. I he solution was purified by 
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ultrafiltration through a 1000 molecular weight cut off filter to remove 
free ions. The dialysis step was excluded from the procedure. The 
experiment yielded 80 g of dry product containing 25.1% iron by weighi. 

EXAMPLE VI 

This example describes the preparation of a hydroxyethyl starch- 
insulin combination in accordance with the present invention. 
Hydroxyethyl starch (1 g) in 25 ml. of water is added to a well stirred 
mixture of CNBr (200 mg) in 100 ml. of water. The pH is maintained at 1 1 
by the addition of 2N NaOH. The activation reaction is continued for 10 
minutes and 20 mg of insulin in 20 ml. of 1 M sodium bicarbonate are then 
rapidly added, lowering the pH. The solution is then stirred overnight in an 
ultrafiltration cell equipped with an appropriate membrane. The solution is 
then concentrated and washed with 6 Molal guanidine hydrochloride. When 
no further free insulin is .detected migrating through the membrane, the 
composition is thoroughly washed with water and concentrated to a final 
volume of 60-80 ml. The experiment should yield a hydroxyethyl starch- 
insulin combination useful for the controlled release administration of 
insulin. • 



EXAMPLE VII 

The experiment of Example VI is repeated in all essential details, 
except a mixture of amino acids is substituted for insulin. The experiment 
should yield a hydroxyethyl starch-amino acids combination useful for the 
controlled release administration of amino acids. 

EXAMPLE Vlll 

The experiment of Example VII is repeated in all essential details 
except enkephalin (peptide) is substituted for insulin. The experiment 
should yield a hydroxyethyl starch-enkephalin combination useful for the 
controlled release administration of enkephalin. 

EXAMPLE IX 

The experiment of Example 1 is repeated in all essential details 
except hydroxypropyl starch is substituted for hydroxyethyl starch. The 
experiment should yield an iron-hydroxyprbpyl starch combination. 
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CLAIMS 



to an am..!, c0 ""L ^"S^"^ ««„ c„„p omd 

• . _ ' ^""S a combination of said 

blolOEi " Uy — ~ - \ t . rch . 



3. The compostiion of claim 1 „ o 

10 bio losically act±ve - compQund ^ a Cl — * o r 2, wherein the 

4. The composition of claim 1 or 2 • 
hydrOXySlk >- 1 S **~» is h y dr 03Cye th y l starch 

5. The composition of claim 1 or 2 w>> • 
biologically active compound is ir0 n. ^ 
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formulation v*^*, controlled release 

7- The method of" rin^ £ , 
, . . 01 claim o, wherein the 

^o lo£lcally . cttve compoimd u tonded th. 

hydroxy.!^ 8tw . ch thr<mgh = ^ 
6 caixy actxve compound is a drug. 
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9. The method of claim 6 or 7< wherein the 
hydroxyalkyl starch is hydroxyethyl starch. 

10 ♦ The method of claim 6 or 7, wherein the 
5 biologically active compound is iron. 



